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7KH EORFNFKDLQ DV D GHVLJQ SODWIRUP IRU VKDSH JUDPPDULVWV¶ GHFHQWUDOLVHG
FROODERUDWLRQ
7+(2'2526 '281$6 DQG '$9,'( /20%$5',
5REHUW *RUGRQ 8QLYHUVLW\
WGRXQDV#UJXDFXN
;L¶DQ -LDRWRQJ /LYHUSRRO 8QLYHUVLW\
GDYLGHORPEDUGL#[MWOXHGXFQ
$EVWUDFW 7KLV SDSHU SUHVHQWV DQ DSSOLFDWLRQ RI 'HFHQWUDOLVHG
$XWRQRPRXV 2UJDQLVDWLRQ '$2 LQ WKH ILHOG RI GHVLJQ DQG $(&
LQGXVWU\ 7KH PRGHO LV DSSOLHG LQ WKH UHDOP RI VKDSH JUDPPDU SURSRVLQJ
WKH SRVVLELOLW\ RI DOORZLQJ PXOWLSOH JUDPPDULVWV WR FROODERUDWH LQ WKH
GHILQLWLRQ RI D QHZ JUDPPDU ZLWKLQ D %ORFNFKDLQ HQYLURQPHQW WKDW DFWV
DV D GLVWULEXWHG OHGJHU '$2V V\VWHPV DQG %ORFNFKDLQ DUH LQWURGXFHG
DV ZHOO DV VKDSH JUDPPDU DQG LWV IXQGDPHQWDO UXOHV 7KH FROODERUDWLYH
QDWXUH RI D '$2 ZLWK WKH LQQHU ORJLF RI VKDSH JUDPPDU ZKLFK EDVHV
LWV SULQFLSOH DQG UXOHV LQ PXOWLSOH YDULDWLRQV DQG FRPELQDWLRQV RI VLPSOH
LQLWLDO VKDSHV EULQJV WR WKH SUREOHP RI UHFRUGLQJ DQG YDOLGDWLQJ FKDQJHV
DQG LPSURYHPHQWV LQ WKH GHVLJQ FKDLQ )RU WKLV UHDVRQ D YRWLQJ V\VWHP
WR JRYHUQ WKH SURFHVV LV LQWURGXFHG EDVHG RQ ERWK TXDQWLWDWLYH YDOXHV
LH QXPEHU RI YRWHV DQG TXDOLWDWLYH SRZHU LH WKH UHSXWDWLRQ RI ZKR
YRWHV DSSO\LQJ D IDFWRU WKDW VFDOHV WKH YRWH DFFRUGLQJ WR WKH H[SHUWLVH
RI WKH YRWHU $Q H[DPSOH LV SURYLGHG VKRZLQJ D SRVVLEOH VFHQDULR LQ D
GHVLJQ HQYLURQPHQW DORQJ ZLWK YDOLGDWLRQ FULWHULD DQG SUHGLFWLQJ IXWXUH
VWDJHV DSSOLHG LQ DQ DOZD\V PRUH %,0RULHQWHG SUDFWLFH
.H\ZRUGV 'HFHQWUDOLVHG $XWRQRPRXV 2UJDQLVDWLRQ 6KDSH
*UDPPDU ,QWHOOLJHQW RUJDQLVPV 'LVWULEXWHG /HGJHU %ORFNFKDLQ 
 ,QWURGXFWLRQ
 027,9$7,21
7KH $(& LQGXVWU\ UHPDLQV D FRQVHUYDWLYH FKDQJHUHVLVWDQW DQG ULVNDYHUVH
LQGXVWU\ FRPSDUHG WR RWKHU LQGXVWULDOLVHG LQGXVWULHV WKDW KDYH LQFRUSRUDWHG D
SOHWKRUD RI GLJLWDO WRROV LQ WKHLU RSHUDWLRQ ,Q SDUWLFXODU $UFKLWHFWV VHH WKHPVHOYHV
DV DXWKRUV RI DUWLVWLF ZRUNV RU DW OHDVW WKDW P\WK LV SHUSHWXDWHG WKURXJK PDUNHWLQJ
VRFLDO PHGLD DFWLYLWLHV EXW DOVR ZLWKLQ VFKRROV RI $UFKLWHFWXUH 0RGHUQ DQG
FRQWHPSRUDU\ SUDFWLFHV DUH EDVHG RQ WKH HIIRUW RI FROOHFWLYHV RI H[SHUWV ZRUNLQJ
WRJHWKHU HYHQ IURP GLIIHUHQW FRQWLQHQWV IURP WKH HDUO\ GHVLJQ VWDJHV WLOO WKH
FRQVWUXFWLRQ RI WKH GHVLJQ SURSRVDO &$' DQG %,0 ILOHV DUH VKDUHG DQG XSGDWHG
,QWHOOLJHQW 	 ,QIRUPHG 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RI WKH $VVRFLDWLRQ IRU
&RPSXWHU$LGHG $UFKLWHFWXUDO 'HVLJQ 5HVHDUFK LQ $VLD &$$'5,$  9ROXPH    
DQG SXEOLVKHG E\ WKH $VVRFLDWLRQ IRU &RPSXWHU$LGHG $UFKLWHFWXUDO 'HVLJQ 5HVHDUFK LQ $VLD &$$'5,$
+RQJ .RQJ
 7 '281$6 $1' ' /20%$5',
FRQVWDQWO\ ZLWK WKH LQWURGXFWLRQ RI VROXWLRQV DGGUHVVLQJ DOO WKH SRVVLEOH LVVXHV WKDW
D EXLOGLQJ FDQ IDFH 7KLV QHZ ZRUNLQJ VW\OH WKDW NLOOHG WKH SUHYLRXV FRQFHSW
RI WKH DUFKLWHFW DV WKH VROH JHQLXV ZKR VXSHUYLVHV WKH HQWLUH SURFHVV EURXJKW
WKH SUREOHP RI GHDOLQJ ZLWK WKH DXWKRUVKLS DQG WKH UHVSRQVLELOLW\ RI ZKR WDNHV
GHFLVLRQV DQG PDNHV FKDQJHV LQ WKH SURMHFW ,Q WHDP FROODERUDWLRQ WKH PRGHO WKDW
KDV EHHQ LGHQWLILHG DV GRPLQDQW LQ WKH SDVW WZR GHFDGHV LV WKH %,0 D FHQWUDOLVHG
%XLOGLQJ ,QIRUPDWLRQ 0RGHO VKDUHG E\ DOO ZKHUH HDFK GLVFLSOLQH VKDUHV DQG LQSXWV
WKHLU RZQ LQIRUPDWLRQ +RZHYHU WKH PDQQHU LQ ZKLFK WKLV WDNHV SODFH KDV QRW
EHHQ LQYHVWLJDWHG H[WHQVLYHO\ ,V WKH PRGHO RUFKHVWUDWHG E\ D VLQJOH DXWKRULW\"
$UH WKH GLVFLSOLQHV DQG WKHLU H[SHUWV GHFLGLQJ DFFRUGLQJ WR WKHLU RZQ LQWHUHVWV RU
IRU WKH LQWHUHVWV RI WKHLU FOLHQWV" :KDW NLQG RI PHFKDQLVPV DUH WKHUH WR HQVXUH
WKH %XLOGLQJ ,QIRUPDWLRQ PRGHO DQG WKH DUFKLWHFWXUDO VWXG\ DUH GHYHORSHG LQ D
FRPSHWHQW WUDQVSDUHQW FRPSOHWH DQG FROODERUDWLYH PDQQHU"
$ VXFK WKH SUHVHQW SDSHU SUHVHQWV D UDGLFDO DSSURDFK WR FROODERUDWLRQ DQG
FROOHFWLYH DXWKRUVKLS E\ SURSRVLQJ D GHFHQWUDOLVHG PRGHO RI GHFLVLRQ PDNLQJ E\
UXQQLQJ D VKDSH JUDPPDU RQ D VPDUW FRQWUDFW DQG GLJLWDO OHGJHU PHFKDQLVP 'XH
WR WKH FRQVWUDLQWV RI WKH OHQJWK RI SDSHU DW SUHVHQW ZH SUHVHQW WKH ZRUNLQJ PRGHO
OHDYLQJ WHVWLQJ DQG YDOLGDWLRQ LQ D IXUWKHU SDSHU 6WLOO WKH SUHVHQW SDSHU GHVFULEHV
LQ GHWDLO WKH H[SHULPHQWDO DQG LPSOHPHQWDWLRQ VHW XS DQG GHVFULEHV YDOLGDWLRQ
FULWHULD
 &RQWH[W DQG IUDPHZRUNV %ORFNFKDLQV LQ WKH EXLOW HQYLURQPHQW
$ %ORFNFKDLQ LV D GLJLWDO 'LVWULEXWHG /HGJHU 7HFKQRORJ\ '/7 WKDW UHFRUGV
WUDQVDFWLRQV HQFU\SWLQJ WKH GLIIHUHQFH EHWZHHQ HDFK WUDQVDFWLRQ LQ D EORFN RI
LQIRUPDWLRQ DQG HPEHGGLQJ WKH FU\SWRJUDSKLF  KDVK LQWR WKH QH[W EORFN
IRUPLQJ D FKDLQ RI EORFNV ZLWK HQFU\SWHG KDVKHV KHQFH WKH WHUP %ORFNFKDLQ
&RPPRQ DSSOLFDWLRQV IRU %ORFNFKDLQV DUH FU\SWRFXUUHQFLHV VXFK DV %LWFRLQ DQG
(WKHUHXP /L HW DO >/L @ GHVFULEH DQ H[WHQVLYH WHFKQLFDO SROLWLFDO DQG VRFLDO
IUDPHZRUN IRU WKH DSSOLFDWLRQ RI %ORFNFKDLQ WHFKQRORJLHV LQ WKH FRQVWUXFWLRQ
VHFWRU %HOOH >%HOOH @ DOVR GHVFULEHV RUJDQLVDWLRQDO PRGHOV RI %ORFNFKDLQ
LQ WKH EXLOW HQYLURQPHQW DQG WKH LPSDFW WKH\ ZLOO KDYH LQ ZKROH FRXQWULHV
VXFK DV &KLQD (DUOLHU ZRUN E\ WKH DXWKRUV KDYH DOUHDG\ GHVFULEHG D WHFKQLFDO
LPSOHPHQWDWLRQ IUDPHZRUN RI FRQQHFWLQJ &RPSXWHU $LGHG 'HVLJQ DSSOLFDWLRQV
ZLWK WKH %ORFNFKDLQ >'RXQDV /RPEDUGL @ :LWKLQ WKH VDPH SXEOLFDWLRQ ZH
GHVFULEH WKH IRXU OHYHOV RI LQWHJUDWLRQ WKDW DUH SRVVLEOH EHWZHHQ D %ORFNFKDLQ DQG
D &$' V\VWHP
 %DFNJURXQG
'LVWULEXWHG OHGJHU WHFKQRORJLHV DQG VSHFLILFDOO\ %ORFNFKDLQ DUH GLVWULEXWHG
GDWDEDVHV 7KH\ KDYH D XQLTXH ZD\ RI HVWDEOLVKLQJ FRQVHQVXV RQ ZKLFK RSHUDWLRQ
	 WUDQVDFWLRQ RQ D QHWZRUN LV WUXH DQGZKLFK RQH LV QRW ZKHQ FRPSDULQJ GLVWULEXWHG
VHWV RI GDWD &RPSDUHG ZLWK TXHU\LQJ D FHQWUDO GDWDEDVH GLUHFWO\ D %ORFNFKDLQ LV
GLVWULEXWHG LQ YDULRXV FRPSXWHU QRGHV RYHU WKH QHWZRUN 'XH WR WKH GLVWULEXWHG
QDWXUH RI WKH GDWDEDVH FRPSXWDWLRQDO PHFKDQLVPV KDG WR EH GHYHORSHG WKDW ZRXOG
V\QFKURQLVH DOO QRGHV RI WKH GDWDEDVH ZLWK D VLQJOH YHUVLRQ RI WKH WUXWK 7KH PDLQ
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PHFKDQLVPV ZLWK ZKLFK QRGHV HVWDEOLVK WKH WUXWK EHWZHHQ WKHP DUH SURRI RI ZRUN
DQG SURRI RI VWDNH %RWK RI WKH PHFKDQLVPV FUHDWH D QHZ EORFN RQ WKH %ORFNFKDLQ
YDOLGDWLQJ RQH RSHUDWLRQ
,Q PHFKDQLVPV ZKHUH SURRI RI ZRUN LV HPSOR\HG QRGHV RQ WKH QHWZRUN
FRPSHWH EHWZHHQ WKHP WR VROYH D FRPSOH[ PDWKHPDWLFDO HTXDWLRQ WKDW SURYHV WKH
FUHDWLRQ RI D QHZ EORFN WKXV YDOLGDWLQJ DQ RSHUDWLRQ $V VXFK WR KDYH DQ\ NLQG RI
PRQHWDU\ UHZDUG IRU YDOLGDWLQJ D EORFN D QRGH QRW RQO\ QHHGV WR EH IDVW EXW DOVR
ILUVW ZLWK WKH FRUUHFW UHVXOW RI WKH FRPSXWDWLRQ ,Q SURRI RI VWDNH WKH QRGHV DQG WKH
WUDQVDFWLRQRSHUDWLRQ XVH RWKHU SDUDPHWHUV WKDW DUH GHVLJQHG WR EXLOG WUXVW 7KHVH
DUH WKH GXUDWLRQ RI KRZ ORQJ D QRGH KDV SDUWLFLSDWHG LQ WKH QHWZRUN DQG WKH DPRXQW
RI WUDQVDFWLRQV WKDW RQH KDV YHULILHG $V VXFK RQH ZRXOG WUXVW WKHLU YDOLGDWLRQ RI D
QHZ EORFN VLQFH D WUXVWZRUWK\ QRGH ZRXOG KROG D YDVW QXPEHU RI YDOLGDWHG EORFNV
ZLWKLQ WKHLU UHFRUG (WKHUHXP DQG %LWFRLQ FXUUHQWO\ XVH SURRI RI ZRUN WKXV KDYLQJ
D JHRPHWULFDOO\ LQFUHDVLQJ FRPSXWDWLRQDO SUREOHP WR VROYH ZKLOH (WKHUHXP KDV
GHVLJQHG D V\VWHP WR WUDQVLWLRQ WR SURRI RI VWDNH PHFKDQLVP RQFH WKH SURRI RI
ZRUN PHFKDQLVP EHFRPHV HQHUJ\ DQG FRPSXWDWLRQDOO\ H[SHQVLYH
(WKHUHXP DQG LWV QHWZRUN KDYH LQWURGXFHG WKH FRQFHSW RI WKH VPDUW FRQWUDFW
DV D XVH IRU %ORFNFKDLQV EH\RQG FXUUHQFLHV :LWKLQ WKLV D WUDQVDFWLRQ GRHV
QRW KDYH WR RQO\ EH PRQHWDU\ EXW VLPSO\ WKH H[HFXWLRQ RI D FRPSXWHU FRGH
ZKHQ FHUWDLQ FRQGLWLRQV DUH PHW ,Q WKH (WKHUHXP QHWZRUN RQH FDQ WKHQ EXLOG
VPDUW DJHQFLHV E\ XVLQJ VPDUW FRQWUDFWV LH RUJDQLVDWLRQV WKDW DUH JRYHUQHG DQG
WKHLU EHKDYLRXU GHWHUPLQHG E\ VPDUW FRQWUDFWV 6PDUW DJHQFLHV JLYHQ HQRXJK
RI SDUWLFLSDQWV DQG FRPSOH[LWLHV FDQ EH GHWHUPLQHG WR EH WKXV 'HFHQWUDOLVHG
$XWRQRPRXV 2UJDQLVDWLRQV ,Q D '$2 WKHUH LV QR ERDUG RI GLUHFWRUV RU JRYHUQRUV
DQG DOO GHFLVLRQV DUH WDNHQ DQG RSHUDWHG RQ WKH LQIUDVWUXFWXUH RI QHWZRUNV VLPLODU
WR D GHFHQWUDOLVHG DQG GLVWULEXWHG RQH
 0HWKRGRORJ\
:H KDYH XVHG D FRPELQDWLRQ RI TXDOLWDWLYH UHVHDUFK DQG H[SHULPHQWDWLRQ ZLWK
WKH H[SOLFLW JRDO RI EXLOGLQJ D ZRUNLQJ SURWRW\SH :LWKLQ WKH FRQVWUDLQWV RI WKH
SDSHU ZH GHVFULEH WKH DOJHEUDLF WKHRUHWLFDO PRGHO IRU WKH '$2 JUDPPDUV DQG WKH
SURFHVV IRU FUHDWLQJ WKH %ORFNFKDLQ LQIUDVWUXFWXUH RQ WKH (WKHUHXP QHWZRUN
 ,PSOHPHQWDWLRQ
 '(&(175$/,6(' $872120286 25*$1,6$7,216 '$2
$OO LQIUDVWUXFWXUH SURMHFWV LQ WKH DUHD RI '$2V GDRVWDFNLR EXFNIHHGFF GHVFULEH
LQ WKHLU ZKLWHSDSHUV WKH LPEDODQFH RI JURZWK DQG DWWHQWLRQ WKDW WDNHV SODFH LQ
D JURZLQJ RUJDQLVDWLRQ :LWKLQ WKLV IUDPHZRUN WKH LQWHUQHW LV HVVHQWLDOO\ DQ
LQIUDVWUXFWXUH WKDW DOORZV SHHUWRSHHU H[FKDQJH RI LQIRUPDWLRQ ,Q SDUDOOHO D
%ORFNFKDLQ QHWZRUN FDQ EH FRQFHSWXDOLVHG DV D SHHUWR SHHU LQIUDVWUXFWXUH IRU
YDOXH DV %ORFNFKDLQ VROYHV WKH WUXVW SUREOHP DQG WKH RZQHUVKLS RI GLJLWDO DVVHWV LQ
RQOLQH WUDQVDFWLRQV (VVHQWLDOO\ DV D IDFVLPLOH D '$2 UHVHPEOHVPRUH DQ RUJDQLVP
UDWKHU WKDQ DQ DUWLILFLDO RUJDQLVDWLRQ
 7 '281$6 $1' ' /20%$5',
 '$267$&.,2
7KH '$2 DV SUHVHQWHG E\ '$2 6WDFN LV D QHZ RUJDQLVDWLRQ WKDW RSHUDWHV E\ VPDUW
FRQWUDFWV RQ D %ORFNFKDLQ LH GHFLVLRQV DUH WDNHQ DQG DFWLYDWHG E\ WKH RSHUDWLRQ
RI VPDUW FRQWUDFWV '$2VWDFN DW WKH WLPH LV XVLQJ WKH (WKHUHXP LQIUDVWUXFWXUH
HYHQ WKRXJK WKHUH LV D GLVFXVVLRQ RQ H[SDQGLQJ WKH SODWIRUP WR RWKHU %ORFNFKDLQV
DV ZHOO DV DQ XOWUDRUJDQLVDWLRQ WKDW RSHUDWHV DFURVV YDULRXV GLVWULEXWHG OHGJHUV
 *29(51$1&( 0(&+$1,60
)RU HDFK GHFLVLRQ WDNHQ LQ DQ RUJDQLVDWLRQ RQH FDQ VHW XS VPDUW FRQWUDFWV WKDW
H[HFXWH FRGH RQFH DQ HYHQW WDNHV SODFH EXW DOVR WKH\ FDQ XVH VPDUW FRQWUDFWV WR
JRYHUQ WKH RUJDQLVDWLRQ¶V GHFLVLRQ LQ D GHPRFUDWLF PDQQHU ,QVWHDG RI DVVLJQLQJ
RQH YRWH WR HDFK DJHQW WKH '$2 XVHV µ*HQ WRFNHQV ¶DQG HDFK DJHQW¶V UHSXWDWLRQ
LQ WKH RUJDQLVDWLRQ (DFK DJHQW LQ WKH '$2 KDV D VHW QXPEHU RI *(1 WRNHQV
WKDW WKH\ FDQ YRWH ZLWK EXW DOVR D VHW DPRXQW RI UHSXWDWLRQLQIOXHQFH WKDW WKH\ FDQ
VWDNH LQ D YRWH $V VXFK ZKHQ D YRWH WDNHV SODFH *HQ WRNHQV DFW DV YRWHV EXW
UHSXWDWLRQLQIOXHQFH RI WKH YRWLQJ DJHQWV FRPH LQWR SOD\
 7232/2*< 2) $*(176
7KHUH WZR PDQQHUV LQ ZKLFK DJHQWV ZLWKLQ D '$2 FDQ EH WRSRORJLFDOO\ GLVWULEXWHG
HLWKHU LQ $VVHPEO\ PRGH ZKLFK HTXDWHV PRUH RU OHVV ZLWK D FHQWUDO RUJDQLVDWLRQ
PRGHO RU LQ D )UDFWDO )HGHUDO JRYHUQDQFH ZKHUH HDFK DJHQW KDV WKHLU RZQ
VXEDVVHPEO\PRGH SRWHQWLDOO\ LQ D UHFXUULQJ VFDOH ZLWK HDFK VXEDVVHPEO\ KDYLQJ
1 VXEDVVHPEOLHV
)LJXUH  $VVHPEO\ OHIW YV )UDFWDO PRGH RI RUJDQLVDWLRQ ULJKW
:LWKLQ D GHFHQWUDOLVHG DXWRQRPRXV RUJDQLVDWLRQ RQH FDQ RI FRXUVH DV LQ DQ\
RUJDQLVDWLRQ KDYH FRPSHWLWLRQ EHWZHHQ WKH DJHQWV WKDW SDUWLFLSDWH ,I VWUXFWXUHG
ZLWK FXUUHQW HFRQRPLF PRGHOV WKHQ WKH QRQFRRSHUDWLYH 1DVK HTXLOLEULXP DSSOLHV
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LQ WKHLU FRPSHWLWLRQ LH VRPH RI WKH DJHQWV ZLOO EHKDYH LQ D FRPSHWLWLYH PDQQHU
WR VWULNH D ORFDO ZLQ IRU WKHP EXW QRW RQH IRU WKH ZKROH RUJDQLVDWLRQ 7KLV
IRUPV WKH NH\ TXHVWLRQ RQ KRZ D '$2 ZLOO VWHHU WRZDUGV JRRG GHFLVLRQ PDNLQJ
ERWWRPXS DYRLGLQJ ERWK WKH SLWIDOO RI D QRQFRRSHUDWLYH 1DVK HTXLOLEULXP DQG
DOVR EH UHVLOLHQW LH DOORZ VKDULQJ RI YRWLQJ SRZHU LQVWHDG RI FRQFHQWUDWLQJ YRWLQJ
SRZHU WR WKH DJHQWV ZLWK WKH PRVW WRNHQV 7KH ILUVW VWUXFWXUDO LGHD IRU '$2V LV WKHQ
WKH LQFHQWLYLVLQJ DQG UHZDUG RI RSHQ VKDUHDEOH UHVRXUFHV >'$2VWDFN ZKLWHSDSHU@
WKDW OHDG WR PRUH JURZWK DQG PRUH RSHQQHVV UHSODFLQJ HVVHQWLDOO\ RUJDQLVDWLRQ
WKDW RSHUDWH ZLWKLQ QRQFRRSHUDWLYH 1DVK HTXLOLEULXPV
5HWXUQLQJ WR WKH YRWLQJ SRZHU ZLWK *(1 WRNHQV DQG UHSXWDWLRQ ZLWKLQ
'$2VWDFN RQH FDQ WUDQVIHU *(1 WRNHQV EXW RQH FDQQRW WUDQVIHU UHSXWDWLRQ
7KH '$2 ZKLWH SDSHU PHQWLRQV ³5HSXWDWLRQ LV XVHG KHUH LQWHUFKDQJHDEO\ ZLWK
LQIOXHQFH SRZHU DQG FDQ IRUP WKH EDVLV IRU D PHULWRFUDWLF JRYHUQDQFH V\VWHP
ZKHUH WKRVH ZKR DUH PRVW DSSUHFLDWHG  GXH WR WKHLU SDVW FRQWULEXWLRQV  KDYH WKH
PRVW LQIOXHQFH´ 2QH ZD\ WR DZDUG UHSXWDWLRQ LV WKURXJK SURSRVDOV )RU H[DPSOH
ZLWKLQ D VKDSH JUDPPDU PDNLQJ RUJDQLVDWLRQ WKHUH FRXOG EH D SURSRVDO WR DZDUG
 6* WRNHQV WR 6KDSH *UDPPDULVW *HRUJH 6WLQ\ IRU KLV FRQWULEXWLRQ WR WKH
ILHOG 5HSXWDWLRQ FDQ DOVR EH DOJRULWKPLFDOO\ FRPSXWHG E\ FRQVLGHULQJ UHVHDUFK
SXEOLFDWLRQV RQ VKDSH JUDPPDUV FLWDWLRQV DQG RWKHU UHVHDUFK LPSDFW LQGH[HV 7KH
GLIIHUHQFH KHUH LV WKDW D VKDSH JUDPPDULVW ZRXOG WUDQVODWH WKHLU UHVHDUFK LPSDFW
DQG LQIOXHQFH +,QGH[ DQGRU &,QGH[ LQWR GHFLVLRQ PDNLQJ SRZHU ZLWKLQ D ODUJHU
RUJDQLVDWLRQ VD\ RQH FRQVLVWLQJ RI DOO VKDSH JUDPPDULVWV LQ WKH ZRUOG
(VVHQWLDOO\ E\ XVLQJ WKH *(1 WRNHQV DQG WKH UHSXWDWLRQ V\VWHP '$2VWDFN
EXLOGV D V\VWHP ZKHUH YRWLQJ RI DQ HOHFW PLQRULW\ DOLJQV ZLWK WKH LQWHUHVWV RI WKH
JUDQGHU PDMRULW\ DQG HQVXUHV WKDW WKH V\VWHP LV WUDQVSDUHQW UHVLOLHQW VLQFH HYHQ
WKH WUDQVIHU RI DOO JHQ WRNHQV WR RQH DJHQW ZLOO QRW GLVVXDGH UHSXWDWLRQ YRWLQJ SRZHU
EXW DOVR UHSXWDWLRQ JXDUDQWHHV WKDW FHUWDLQ SURSRVLWLRQV ZLOO DOZD\V UHFHLYH WKH
DWWHQWLRQ RI WKH FRPPXQLW\ DQG VFDODEOH VLQFH WKURXJK WKH (WKHUHXP %ORFNFKDLQ
DQ\RQH FDQ SDUWLFLSDWH LQ LW 7KH VLWXDWLRQ ZKHUH D PLQRULW\ PDNHV DQ ¶HGJH¶
GHFLVLRQ¶ DV ORQJ DV LW LV LQ OLQH ZLWK WKH FRQVHQVXV LV FDOOHG E\ '$2VWDFN 
¶+RORJUDSKLF &RQVHQVXV¶ DV D UHIHUHQFH WR KRORJUDPVZKHUH HDFK VOLYHU RI WKH WKUHH
GLPHQVLRQDO LPDJH UHIOHFWV DQG FRQWDLQV WKH LQIRUPDWLRQ IRU WKH ZKROH SLFWXUH
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$ VKDSH JUDPPDU FRQVLVWV RI D VHW RI LQLWLDO VKDSHV 6 DQG D VHW RI UXOHV 5 WKDW
ZKHQ FKRVHQ DQG DSSOLHG WR WKH VHW 6 WKH\ SURGXFH RWKHU VKDSHV RQ WKH ULJKWKDQG
VLGH RI WKH UXOH ,W DOVR LQFOXGHV D VKDSH UXOH . WKDW LV WKH ILQDO VKDSH UXOH WKDW RQFH
DFWLYDWHG ZLOO KDOW FRPSXWDWLRQ ,Q HVVHQFH LW LV D SURGXFWLYH V\VWHP D JHQHUDWLYH
V\VWHP IRU GHVLJQ
$ 8 6KDSH *UDPPDU LQ DOJHEUDLF IRUPDW
6 D E F « [Q  ZKHUH WKH VKDSHV DUH RI L  GLPHQVLRQV
5 U U U « UQ  ZKHUH WKH UXOHV DUH RI M  GLPHQVLRQV
,Q PRVW RI WKH VKDSH JUDPPDU OLWHUDWXUH DXWKRUVKLS UHPDLQV ZLWK WKH DOOVHHLQJ
VKDSH JUDPPDULVW WKDW UHWDLQV DXWKRULW\ DQG GHFLVLRQ PDNLQJ LQ DOO DVSHFWV RI WKH
JUDPPDU ,Q FHUWDLQ FDVHV WKH JUDPPDULVW DWWHPSWV WR HPXODWH D NQRZQ VW\OH DQG
 7 '281$6 $1' ' /20%$5',
ZLWKLQ WKDW RQH ILQGV FRPSXWDWLRQDO LQQRYDWLRQ ZKHUH WKH JUDPPDU SURGXFHVPRUH
SUHYLRXVO\ QRW H[LVWLQJ H[DPSOHV RI WKH VW\OHV EXW VWLOO ZLWKLQ WKH VDPH ODQJXDJH
>'XDUWH @ 3UREOHPV WKDW DUH UHOHYDQW WR DUFKLWHFWXUDO GHVLJQ DQG DXWKRUVKLS
DUH WKH VHOHFWLRQ RI WKH UXOHV WKH DGKRF FKDQJLQJ RI WKH UXOHV LQ WKH PLGGOH RI
WKH DSSOLFDWLRQ RI WKH JUDPPDU VKDSH UHFRJQLWLRQ DQG HPHUJHQFH DQG PXFK PRUH
LPSRUWDQWO\ VKDSH DPELJXLW\ WKDW UXQV FRXQWHU WR WKH LQLWLDO LGHD RI D VSHFLILF VHW RI
VKDSHV 6 WKDW WKH JUDPPDULVWV EHJLQV GHVLJQLQJ ZLWK )LJXUH  EULHIO\ GHVFULEHV
WKH H[DPSOH JUDPPDU
)LJXUH  6KDSH JUDPPDU DSSOLFDWLRQ DQG WHUPLQDWLRQ
:LWKLQ WKLV DSSOLFDWLRQ RI WKH JUDPPDU WKHUH DUH 1 SRVVLELOLWLHV IRU FKDQJLQJ
WKH UXOHV LQ WKH LQ EHWZHHQ VWHSV :H FDQ GHILQH D VHW *[ RI 6KDSH *UDPPDULVWV
WKDW SDUWLFLSDWH LQ D '$2 ZLWK WKH FRPPRQ JRDO WR FUHDWH DQ DSDUWPHQW JUDPPDU
WKDW FUHDWHV WKH PRVW YDULDWLRQV ZLWK WKH PRVW FRPSDFW DSDUWPHQW OD\RXWV SRVVLEOH
E\ XVLQJ D SURSRUWLRQ RI WKH JOREDO LQWHJUDWLRQ QXPEHU ZKHUH LQWHJUDWLRQ LV
GHILQHG DV WKH GLVWDQFH IURP D VSDFH RI RULJLQ WR DOO RWKHU VSDFHV LQ WKH V\VWHP
UXQ IRU HDFK VSDFH LQ WKH V\VWHP KHQFH LWV JOREDOLVP WR WKH IORRU DUHD 7KH
ORZHVW IUDFWLRQ LQGLFDWHV D PRUH FRPSDFW DSDUWPHQW 7R HQVXUH OLYHDEOH VSDFHV
PLQLPXP VL]HV IRU WKH VKDSHV LQ VHW 6 FDQ EH XVHG WR HQVXUH WKDW WKH DSDUWPHQW
SODQV SURGXFHG DUH ERWK PDWKHPDWLFDOO\ FRPSDFW EXW DOVR SURYLGH D PLQLPXP RI
DUFKLWHFWXUDO TXDOLW\ :KDW DUH WKH SRVVLELOLWLHV WKDW WKHVH VKDSH JUDPPDULVWV KDYH
IRU FROODERUDWLRQ RYHU WKH LQWHUQHW ZLWK D UHFRUG RI DOO VWHSV WDNHQ" +RZ GRHV RQH
QHJRWLDWH ZKLFK RI WKH UXOHV LV VHOHFWHG IRU DSSOLFDWLRQ" $OJHEUDLFDOO\ ZH KDYH VWLOO
WKH 6 5 VHWV ZLWK WKH VHW RI *[ RI VKDSH JUDPPDULVWV DGGHG SOXV WKH YDOLGDWLRQ
%/2&.&+$,1 *5$00$56  '(6,*1,1* :,7+ '$26 
FULWHULD IRU WKH DSDUWPHQW
6 5 *[ DQG 9 *OREDO ,QWHJUDWLRQ 
)ORRU $UHD ZLWK 6 FRQVWUDLQW ZLWK PLQLPXP GLPHQVLRQV
/HWV VXSSRVH WKDW ZLWKLQ WKH VHW *[ WKHUH DUH  H[SHULHQFHG VKDSH JUDPPDULVWV
'XDUWH 6WLQ\ .QLJKW (FRQRPRX 6WXIIV DQG  MXQLRU VKDSH JUDPPDULVWV ZLWK
WKH LQWHQWLRQ RI FROODERUDWLYHO\ FUHDWLQJ WKH DSDUWPHQW JUDPPDU WKDW FUHDWHV WKH
PRVW YDULDWLRQV ZLWK WKH PRVW FRPSDFW DSDUWPHQW SRVVLEOH" :KLOH RQH QHHGV WKH
H[SHULHQFHG VKDSH JUDPPDULVWV )(' . 6 WR JXLGH WKH 6HW *[ RQH DOVR QHHGV
LQQRYDWLYH LGHDV IURP DOO RI WKH FRQVWLWXHQWV RI WKH VHW +RZ GRHV RQH DGGUHVV WKH
ZKROH JURXS ZLWKRXW FUHDWLQJ WKH QHHG WR FUHDWH D ORW RI WUDIILF LH  HPDLOV IRU
HDFK VWHS"
*[ )('.6« *
 &20%,1,1* %/2&.&+$,1 :,7+ 6+$3( *5$00$56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7KXV ZH SURSRVH WKH FUHDWLRQ RI D %ORFNFKDLQ JUDPPDU WKH ILUVW VKDSH JUDPPDU
HQJLQH UXQ RQ WKH '$2:H GHILQH WKH %ORFNFKDLQ JUDPPDU DV WKH KXPDQPDFKLQH
FRRSHUDWLRQ RQ WKH '$2 VWDFN LH WKH FROODERUDWLRQ EHWZHHQ VKDSH JUDPPDULVWV
XVLQJ WKH VPDUW FRQWUDFWV WKDW FRQVWLWXWH WKH FRPSXWDWLRQ HQJLQH RI WKH %ORFNFKDLQ
JUDPPDU 7KH %ORFNFKDLQ JUDPPDU KDV WKHVH IXQFWLRQDOLWLHV 7RNHQV GLVWULEXWLRQ
ZKHUH WRNHQV JHW GLVWULEXWHG WR HDFK RI WKH  VKDSH JUDPPDULVWV 5HSXWDWLRQ
$VVLJQPHQW ZKLFK DVVLJQV UHSXWDWLRQ DFFRUGLQJ WR UHVHDUFK H[SHULHQFH DQG
LPSDFW FROOHFWLYH GDWD FXUDWLRQ ZKLFK LV WKH FUHDWLRQ DQG DSSOLFDWLRQ RI WKH
VKDSH JUDPPDU DQG JRYHUQDQFH XSJUDGH ZKHUH WKH PHFKDQLVPV ZLWK ZKLFK
WKH %ORFNFKDLQ *UDPPDU RSHUDWHV FKDQJH DQG JHW XSJUDGHG WR WKH QH[W YHUVLRQ
:LWKLQ WKH UHSXWDWLRQ DVVLJQPHQW FRQWLQJHQW WKHUH LV D KDOIWLPH FDOFXODWRU
SDUDPHWHU RI ZKLFK FDQ EH GHFLGHG E\ WKH %ORFNFKDLQ JUDPPDU LWVHOI ,QGLFDWLYHO\
ZHPHQWLRQ WKDW WKH UHSXWDWLRQ D SHUVRQ KDV ZLOO GLVVLSDWH RYHU WLPH LI WKH DFDGHPLF
GRHV QRW SXEOLVK RU WKHLU ZRUN GRHV QRW JHW D FLWDWLRQ RU RWKHU UHIHUHQFH RYHU D
VSHFLILHG DPRXQW RI WLPH :H SURSRVH WKDW WKH LQLWLDO VHW RI VKDSH JUDPPDULVWV
DOO KDYH WKH VDPH DPRXQW RI WRNHQV KRZHYHU WKHLU UHSXWDWLRQ VFRUH VKRXOG EH
GHWHUPLQHG E\ WKH QXPEHU RI SDSHUV WKH\ KDYH DXWKRUHG ZLWKLQ WKH VKDSH JUDPPDU
SDUDGLJP DQG WKHLU +,QGH[ DV FDOFXODWHG IRU WKHLU SDSHUV LQ WKH VKDSH JUDPPDU
SDUDGLJP 7KH IRUPXODH IRU LQLWLDO WRNHQ DQG UHSXWDWLRQ GLVWULEXWLRQ DUH JLYHQ
EHORZ >6WDOOLQJV@  6KDSH JUDPPDULVW 7 WRNHQV SOXV 1 QXPEHU RI SDSHUV 
+,QGH[ DV FDOFXODWHG IRU WKHLU SDSHUV LQ WKH VKDSH JUDPPDU SDUDGLJP  &,QGH[
DV FDOFXODWHG IRU WKHLU SDSHUV LQ WKH VKDSH JUDPPDU SDUDGLJP :H WKXV FDQ GHILQH
WKH YRWLQJ SRZHU RI HDFK PHPEHU DV
9W 71+L&L
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7KH VHW *[ RI  VKDSH JUDPPDULVWV EHORQJ WR WKH %ORFNFKDLQ *UDPPDU ZKLFK
UXQV WKH FUHDWLRQ RI WKH SURWRW\SH VKDSH JUDPPDU DV D G$33 RQ µ$OFKHP\¶
 7 '281$6 $1' ' /20%$5',
'$2VWDFN¶V OD\HU IRU '$2V WKDW UXQV LQ VHTXHQFH RQ WKH (WKHUHXP QHWZRUN 7DEOH

7DEOH  '$2VWDFN OD\HUV $5& DQG $OFKHP\
 7KH '$2 *UDPPDUV RSHUDWLRQV 0RGHO
$W HDFK VWHS HDFK VKDSH JUDPPDULVW ZKHWKHU H[SHULHQFHG RU QRW UHDGV WKH VWDWH RI
WKH JUDPPDU DQG KDV WKH ULJKW WR SURSRVH WKH QH[W UXOHV WR EH DSSOLHG 6XSSRVH
WKDW  SURSRVDOV DUH VXEPLWWHG WR WKH '$2 7KHQ HDFK RI WKH JUDPPDULVWV KDV WKH
SRWHQWLDO WR YRWH ZKLFK RI WKHVH UXOH VHW ZLOO EH DSSOLHG QH[W DQG WKHQ YRWHV XVLQJ
*(1 DQG UHSXWDWLRQ 7KH H[SHFWDWLRQ LV WKDW WKH  VHQLRU JUDPPDULVWV ZLOO KDYH
WKHLU YRWH FDUU\ PRUH UHSXWDWLRQ GXH WR WKHLU H[SHULHQFH $W WKH VDPH WLPH WKRXJK
RQH FDQ VHH WKDW LQQRYDWLYH VROXWLRQV WKDW KDYH UHVXOWV PLJKW JHW YRWHG WKURXJK DV
DQ\ RI WKH  PHPEHUV ZLOO EH DEOH WR SURSRVH HIILFLHQW VROXWLRQV $Q LQWHUHVWLQJ
VFHQDULR RI FRXUVH LV WKH YRWLQJ RI D SURSRVDO E\ D PLQRULW\ VD\ WKH JUDPPDULVWV .
6 0DWKHPDWLFDOO\ LI DOO *(1 WRNHQV DUH WKH VDPH IRU HDFK RI WKH  JUDPPDULVWV
D SURSRVDO ZLWK WKH EDFNLQJ RI RQO\ WZR PHPEHUV VKRXOG QRW SDVV +RZHYHU LI
WKH UHSXWDWLRQ RI . 	 6 ZHLJKWV DERYH WKH RWKHU  PHPEHUV RI WKH '$2 WKH
SURSRVDO VKDOO SDVV DQG JLYHQ WKHLU SRWHQWLDO KLJK UHSXWDWLRQ DQG WUDFN UHFRUG LW
ZLOO KDYH D JRRG LPSDFW RQ WKH DSSOLFDWLRQ RI WKH JUDPPDU
)LJXUH  9RWLQJ 3URFHVV LQVLGH WKH %ORFNFKDLQ *UDPPDU
%/2&.&+$,1 *5$00$56  '(6,*1,1* :,7+ '$26 
 785,1* &203/(7(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:LWKLQ WKH %ORFNFKDLQ *UDPPDU UXQQLQJ RQ '$2VWDFN D VPDUW FRQWUDFW FDOFXODWHV
KRZ FRPSDFW DQ DSDUWPHQW LV DQG DZDUGV *(1 DQG UHSXWDWLRQ WR WKH VKDSH
JUDPPDULVWV WKDW SURSRVHG WKH UXOH WKDW SURGXFHG LW EXW DOVR SURSRUWLRQDOO\ WR
WKH VKDSH JUDPPDULVWV WKDW YRWHG IRU WKH UXOH $V VXFK LQWHUQDOO\ WKH '$2
JUDPPDU FDQ ZRUN DOJHEUDLFDOO\ HDFK VKDSH JUDPPDU UXOH LV HQFDSVXODWHG LQWR WKH
DOJRULWKP RI D VPDUW FRQWUDFW DQG DV VXFK ZKHQ WKH UXOH LV DERXW WR EH DSSOLHG WKH
VPDUW FRQWUDFW JHW DSSOLHG 7KLV RI FRXUVH UDLVHV WKH TXHVWLRQ RI VKDSH UHFRJQLWLRQ
ZLWKLQ WKH VKDSH JUDPPDU 6LQFH ZH GR QRW \HW KDYH D UHOLDEOH VKDSH UHFRJQLWLRQ
HQJLQH WKH '$2 GHOHJDWHV WKLV WDVN WR WKH KXPDQ SDUW RI WKH RUJDQL]DWLRQ D
VKDSH JUDPPDULVW ZKR ZLOO HQFRGH WKH QHZ VKDSH LQWR D QHZ SDUDPHWHU LQ D VPDUW
FRQWUDFW
 'LVFXVVLRQ
:H KDYH SUHVHQWHG D PRGHO IRU PDVVLYHO\ VFDOHG FROODERUDWLRQ RQ VKDSH JUDPPDUV
SUHVHQWLQJ D PHFKDQLVP WKDW KDUQHVVHV '$2V 'HFHQWUDOLVHG $XWRQRPRXV
2UJDQLVDWLRQV RQ WKH (WKHUHXP %ORFNFKDLQ :H EHOLHYH WKDW WKH PHFKDQLVP ZH
GHVFULEH LV YLDEOH DV D ZLGHU FROODERUDWLRQ IHDWXUH RI WKH $(& LQGXVWU\ 2XU
PHFKDQLVP KDV D FROODERUDWLYH FRQWHQW FXUDWLRQ PHFKDQLVP GLVWULEXWHV ULJKWV DQG
GHFLVLRQPDNLQJ SRZHU DFFRUGLQJ WR H[SHUWLVH DQG GXH WR WKH LPPXWDEOH QDWXUH RI
WKH EORFNFKDLQ DFFRXQWV IRU UHVSRQVLELOLW\ RI GHFLVLRQV RQ WKH RUJDQLVDWLRQ OHYHO
,Q SDUWLFXODU WKH UHSXWDWLRQ DOORFDWLRQ PHFKDQLVP FDQ OHDG LQWR LQFUHDVLQJ WKH
FRPSHWLWLYHQHVV RI VPDOOHU HIILFLHQW $(& ILUPV LQ D VXSSO\ FKDLQ WKDW PLJKW ODFN
WKH FDSLWDO WR FRPSOHWH EXW WKH\ FDQ FRPSHQVDWH E\ ELGLQJ YLD UHSXWDWLRQ LQ D SXEOLF
SURFXUHPHQW SURFHVV ,W FDQ OHDG IRU H[DPSOHV LQ PRUH WUDQVSDUHQW DQG HIILFLHQW
FROODERUDWLRQ LQ VLWXDWLRQV ZKHUH WKH \HWXQGHILQHG %,0 OHYHO  LV HPSOR\HG RU
LQ VLWXDWLRQV ZKHUH DUFKLWHFWV ZRXOG OLNH WR KDUQHVV WKH ZLVGRP RI QRQH[SHUWV
LQ SDUWLFLSDWRU\ GHVLJQ SURMHFWV EXW GR QRW KDYH WKH UHVRXUFHV WR FROOHFW HYHU\
VWDNHKROGHU¶V RSLQLRQ
%RWK 6KDSH *UDPPDUV DQG 6ROLGLW\ WKH (WKHUHXP ODQJXDJH DUH 7XULQJ
FRPSOHWH ZKLFK PHDQV WKDW WKH\ FDQ VLPXODWH DQ\ RWKHU 7XULQJ PDFKLQH ,Q RXU
FDVH ZH KDYH RXWOLQHG WKH GHYHORSPHQW RI D VKDSH JUDPPDU ZLWK WKH DGGLWLRQ
RI FROOHFWLYH GHFLVLRQ PDNLQJ DV D PRGHO RI RUJDQLVDWLRQ DQG FRQWHQW FXUDWLRQ
ZLWKLQ D VPDUW DJHQF\ WKH '$2VWDFN ZKLFK UXQV RQ VPDUW FRQWUDFWV RQ WKH
(WKHUHXP %ORFNFKDLQ 7KH JRYHUQLQJ VPDUW FRQWUDFW RI WKH '$2 UXQV HVVHQWLDOO\
RQ $5& 	 $OFKHP\ WKH WZR OLEUDULHV WKDW PDNH '$2VWDFN SRVVLEOH 7KH
SRVVLELOLW\ RI UXQQLQJ D FROODERUDWLYH VKDSH JUDPPDU SURFHVV RQ D µ8QLYHUVDO
FRPSXWHU¶ VXFK DV WKH (WKHUHXP EORFNFKDLQ FODLPV WR EH FUHDWHV LQ FHUWDLQ DVSHFWV
D FRQWUDVW LQ WKH SRVVLEOH EORFNFKDLQ DSSOLFDWLRQV LQ WKH EXLOW HQYLURQPHQW 2Q
RQH KDQG WKH %ORFNFKDLQ JUDPPDU ZLOO DOORZ IRU WKH OLIWLQJ RI UHVWULFWLRQV WKDW
VKDSH JUDPPDUV PLJKW KDYH IDFHG LQ WKH SDVW LQ WHUPV RI 7XULQJFRPSOHWHQHVV
ZKHUH D KXPDQ ZDV DEOH WR FRPSXWH ZLWK WKHP LQ D PXFK PRUH WKRXJKWIXO PDQQHU
FRPSDUHG WR D PDFKLQH $W WKH VDPH WLPH IRU %ORFNFKDLQ JUDPPDU SUHVHQWV DV D
F\EHUQHWLF LQWHOOLJHQW RUJDQLVP ZKHUH WKHUH LV D UHFLSURFDO UHOLDQFH RI KXPDQV DQG
FRPSXWLQJPDFKLQHV WR H[HFXWH WKH GHVLJQ ,Q FRQWUDVW WKRXJKW WKH ODFN RI DEVROXWH
 7 '281$6 $1' ' /20%$5',
SUHGLFWDELOLW\ RI 7XULQJFRPSOHWH V\VWHPV PLJKW ZUHFN KDYRF LQ RWKHU DVSHFWV RI
WKH $(& LQGXVWU\ ZLWK D SDUWLFXODU UHOLDQFH LQ UHOLDELOLW\ DQG SUHGLFWDELOLW\ IRU
H[DPSOH VXSSO\ FKDLQV 6WLOO WKDW ZRXOG EH DQ DVSHFW WR FRQVLGHU LQ RXU IXWXUH
ZRUN
 )XUWKHU ZRUN
7KH PHFKDQLVP ZH KDYH GHYHORSHG ZLOO QHHG WR EH WHVWHG ZLWK D YDVW DPRXQW RI
VKDSH JUDPPDULVWV VR WKDW ZH FDQ YDOLGDWH LWV UHVSRQVLYHQHVV WUDQVSDUHQF\ DQG
FRPSXWDWLRQDO HIILFLHQF\ DV DQ RSHUDWLQJ PRGHO 3OHDVH FRQWDFW XV YLD HPDLO RU
ILOO LQ WKLV IRUP >KWWSVJRRJOIRUPVH(E]F2W]$6(X9/@ WR SDUWLFLSDWH LQ WKH
%ORFNFKDLQ JUDPPDU SURMHFW
5HIHUHQFHV
³%DFNIHHG 7HFKQLFDO VXPPDU\´   $YDLODEOH IURP KWWSEDFNIHHGFFDVVHWVGRFV7HFKQL
FDO6XPPDU\SGI! DFFHVVHG VW 'HFHPEHU 
³'$2VWDFN ZKLWHSDSHU´   $YDLODEOH IURP KWWSVGDRVWDFNLRZS'$2VWDFN:KLWH3DS
HUHQSGI! DFFHVVHG VW 'HFHPEHU 
%HOOH ,  %ORFNFKDLQ IUDPHZRUN 7KH DUFKLWHFWXUH HQJLQHHULQJ DQG FRQVWUXFWLRQ LQGXVWU\
DQG %ORFNFKDLQ WHFKQRORJ\ &RQIHUHQFH '$'$  ,QWHUQDWLRQDO &RQIHUHQFH RQ 'LJLWDO
$UFKLWHFWXUH 1DQMLQJ &KLQD
&KDVH 6 DQG $KPDG 6  *UDPPDU 7UDQVIRUPDWLRQV 8VLQJ &RPSRVLWH *UDPPDUV WR
8QGHUVWDQG +\EULGLW\ LQ 'HVLJQ &$$' )XWXUHV  9LHQQD $XVWULD 
'KLOORQ 9 0HWFDOI ' DQG +RRSHU 0  %ORFNFKDLQ HQDEOHG DSSOLFDWLRQV $SUHVV
2UODQGR )ORULGD 86$
'RXQDV 7  6RPH QRWHV RQ WKH LQFRPSOHWHQHVV WKHRUHP DQG VKDSH JUDPPDUV
&RPPXQLFDWLRQV LQ &RPSXWHU DQG ,QIRUPDWLRQ 6FLHQFH  
'RXQDV 7 DQG /RPEDUGL '  $ &$'%ORFNFKDLQ ,QWHJUDWLRQ 6WUDWHJ\ IRU 'LVWULEXWHG
9DOLGDWHG 'LJLWDO 'HVLJQ  &RQQHFWLQJ WKH %ORFNFKDLQ H&$$'H /RG] 3ROODQG
'XDUWH -  7RZDUGV WKH 0DVV &XVWRPL]DWLRQ RI +RXVLQJ 7KH *UDPPDU RI 6L]D¶V +RXVHV
DW 0DODJXHLUD (QYLURQPHQW DQG 3ODQQLQJ %3ODQQLQJ DQG 'HVLJQ  
(FRQRPRX $  )RXU $OJHEUDLF 6WUXFWXUHV LQ 'HVLJQ $&$',$  
*UDVO 7  7UDQVIRUPDWLRQDO 3DOODGLDQV (QYLURQPHQW DQG 3ODQQLQJ %3ODQQLQJ DQG
'HVLJQ  
.QLJKW 7  &RPSXWLQJ ZLWK HPHUJHQFH (QYLURQPHQW DQG 3ODQQLQJ %3ODQQLQJ DQG
'HVLJQ  
.QLJKW 7 D &RPSXWLQJ ZLWK $PELJXLW\ (QYLURQPHQW DQG 3ODQQLQJ %3ODQQLQJ DQG
'HVLJQ  
/L - *UHHQZRRG ' DQG .DVVHP 0  %ORFNFKDLQ LQ WKH &RQVWUXFWLRQ 6HFWRU $
6RFLRWHFKQLFDO 6\VWHPV )UDPHZRUN IRU WKH &RQVWUXFWLRQ ,QGXVWU\ $GYDQFHV LQ ,QIRUPDWLFV
DQG &RPSXWLQJ LQ &LYLO DQG &RQVWUXFWLRQ (QJLQHHULQJ 3URFHHGLQJV RI WKH WK &,%:
 &RQIHUHQFH ,7 LQ 'HVLJQ &RQVWUXFWLRQ DQG 0DQDJHPHQW 
6WDOOLQJV - HW DO  'HWHUPLQLQJ VFLHQWLILF LPSDFW XVLQJ D FROODERUDWLRQ LQGH[
3URFHHGLQJV RI WKH 1DWLRQDO DFDGHP\ RI 6FLHQFH RI WKH 8QLWHG 6WDWHV RI $PHULFD 

6WLQ\ * DQG 0DUFK /  'HVLJQ 0DFKLQHV (QYLURQPHQW DQG 3ODQQLQJ %3ODQQLQJ DQG
'HVLJQ  
:RUWPDQQ 7 DQG 6WXIIV 5  $OJRULWKPLF FRPSOH[LW\ RI VKDSH JUDPPDU LPSOHPHQWDWLRQ
$UWLILFLDO ,QWHOOLJHQFH IRU (QJLQHHULQJ 'HVLJQ $QDO\VLV DQG 0DQXIDFWXULQJ  VSHFLDO
LVVXH  
